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Summary : 
The effects of reindeer grazing on soil ecology are discussed. It is shown that the earliest responses to 


grazing are recorded as decreased total soil heterotrophic respiration, and a decreased population of the fun- 
gal feeder H. tullbergi. 


d en soil ecological responses to grazing appear before any conclusive evidence of soil erosion can be 
etected. 
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I. Introduction 


The Norwegian MAB programme has conducted research on the possible effects 
of overgrazing on the soil ecosystem in winter pastures of the Spitsbergen reindeer (R. 
tarandus platyrhynchus Vrolic). 


Overgrazing is very likely to occur in marginal rangelands of the world where an 
extreme climate may restrict availability of pastures during the winter season. 


As a result of high ecological density, during the winter season, the herbivore 
grazing might result in considerable stress to the plant cover of available winter pastu- 
res. The stress might reach the level denoted overgrazing, characterized by a dislodged 
plantcover, extensive erosion and run-off of nutrient and small soil particles. 

PEGAU (1970) showed that the total grazing effect of reindeer, i.e. both inges- 
tion and trampling, dislodged 68 % of the lichens present during one summer season. 
SMEINS (1975) reported an increased bulk density, which resulted in increased sur- 
face runoff due to decreased porosity (RAUZZI et al., 1968). Heavy grazing tends to 
decrease total soil respiration (HOWARD & HOWARD, 1976) and the relative 
abundance of microbial grazers (WILLARD, 1973; KING & HUTCHINSON, 
1976). 


In areas where the potential for plant production exceeds the decomposition rate, 
the microbial life acts as the main regulating factor for primary production through the 
mobilization and immobilization of essential nutrients (MACFADYEN, 1962a; 
CHAPIEN et al., 1978). Microbial grazers, e.g. Collembola and Nematoda, 
influence on both microbial activity and nutrient mobilization (cf. HANLON & 
ANDERSON, 1979; BONNIE & MITCHELL, 1979). 

Studies on the effects of overgrazing by herbivores in marginal areas of the terres- 
trial environment are therefore of vital importance for the understanding of carrying 
capacities of potential pastures in such areas. This study includes soil arthropods, 
nutrient run-off and total soil respiration. 


II. Material and methods 


The research has been conduced at the Brøgger peninsula close to Ny-Ålesund in 
Spitsbergen (79°N, 12°E). The lichen cover of the winter pastures studied is domina- 
ted by Cetraria deliseii (cf. BRATTBAKK & RONNING, 1978). 
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It is not possible to quantify the grazing in detail. The total available area to the 
reindeer is about 96 km?°. Winter pastures are however only a small fraction of this 
area. The grazing effect was introduced to the area in April 1978. The area did not pre- 
viously sustain any mammal herbivores. Then a herd of 15 reindeers (1199, 488) was 
established. In 1981 about 30 ind. were counted. 


To allow for good reference sites (i.e. ungrazed areas), smallers parts of the poten- 
tial winter pastures have been kept ungrazed by means of fences. Fenced areas are 
1000 m? each. Soil arthropods were extracted in a high gradient extractor (MACFA- 
DYEN 1962b), from soil cores (area 1/421 m’, depth 3 cm). Soil respiration was mea- 
sured in vitro, with an infra red gas analyser (Siemens), at 5° C and 30 % water content 
as mean. . 

Samples of five cores have been used for the analyses of H2O, N, K, P-content 
and loss of ignition. TOC, N, K and P run-off is estimated relatively to the amount of 
water in asmall brook called Strypbekken, which flows through the total pasture area. 

The two Collembola species Hypogastrura tullbergi (Schaffer) and Folsomia 
quadrioculata (Tullberg) constitute more than 95 % of the total Collembola abun- 
dance. H. tullbergi is known to bea species that prefers to feed on fungi (ADDISON 
& PARKINSON, 1978; WHITTAKER, 1974). Folsomia regularis is known to bea 
more primary decomposer (ADDISON & PARKINSON, 1978). WHITTAKER 
(1974) reports an unidentified species of Folsomia to bea plant-litter feeder. We there- 
fore find it reasonable that H. tullbergi and F. quadrioculata will respond in different 
ways to changes in the soil microflora. As normal methods of recording long term 
changes in soil microbial communities is rather time consuming, the population deve- 
lopment of H. tullbergi is used as an indicator of microbial response to mammal gra- 
zing. Similar soil fauna responses have been demonstrated by YEATES & COLE 
MAN (1980) and CLARHOLM et al. (1981). Due to the limited predation pressure in 
the system, some problems normally present when applying biological indicators are 
avoided. This issue is discussed in more detail by SENDSTAD (1981). Indications of 
fungi as a dominating food source for Oribatida are given by FORSSLUND (1982) 
and HARTENSTEIN (1962). We should therefore expect oribatids to respond simi- 
larly to H. tullbergi. Prior to the present study an experiment designed to simulate a 
situation of extreme overgrazing in this area has been conducted (SENDSTAD, 1981). 
In this experiment the lichen plant cover was artificially removed. This extreme change 
in the plant cover resulted in a decreased total soil respiration, a decreased population 
of H. tullbergi and an increased population of F. quadrioculata. A decreased content 
of organic matter and macronutrients were also recorded. 

If the present grazing intensity are affecting the pastures of the Brøgger peninsula 
in a way that they already are developing towards overgrazing, the same responses 
should begin to develop in these. If the soil system responds already after this short 
exposure to grazing, these parameters represent a sensitive way of recording the early 
effects of grazing in a terrestrial system. 
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III. Grazed versus ungrazed pastures 


Data for abundance of the selected mesofaunal taxa on the grazed and the ungraz- 
ed pastures are given in Table I. Total soil respiration data are given in Table II. As 
can be seen a certain decrease in the population of H. tullbergi and in total soil respira- 
tion are detected in the grazed areas. The population of F. guadrioculata is increasing 
in the grazed areas. 


TABLE I 


Abundance of some quantitatively important taxa of the soil fauna in grazed and ungrazed litter heath. 


Number/m? +SE 
a as A 


21000 + 4000 25000 + 4000 20500 + 4500 27000 + 4000 


Folsomia quadrioculata 


Hypogastrura tullbergi 9500 + 1500 6500 + 400 10000 + 2000 6000 + 1000 
Total Collembola 37000 + 5500 36500 + 5500 35000 + 5000 34000 + 4500 
Oppia translamellata 2500 + 500 1500 + 500 2000 + 1000 1000 + 500 
Diapterobates notatus 3500 + 500 3500 + 1000 4000 + 1000 4000 + 1000 
Brachychthoniidae 4000 + 500 9500 + 1000 3500 + 500 7000 + 500 


Total Cryptostigmata 10000 + 1500 14500 + 1500 9500 + 1500 12000 + 2000 


TABLE II 


Total soil heterotrophic respiration in grazed and ungrazed areas at the Brøgger peninsula. 


mg CO,/m’/hour + SE 


Ungrazed lichen heath 3747 (n=5) 69+4 (n= 10) 


Grazed lichen heath 33+2 (n=5) 39+6 (n= 10) 


Difference (% 


The content of macronutrients and organic matter in the pastures are given in 
Table III. A slight increase in nitrogen content and a corresponding decrease in phos- 
phorus and kalium are recorded in the grazed areas. 
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TABLE III 


Status for some macronutrients in grazed and ungrazed areas at the Brogger peninsula. Aug. 1981. 


Loss of 
Year Dry matter ignition N P K 
% % % %o % 
Grazed 35.7231 36.2+7.8 1.5240.22 | 0.106+0.02 | 0.126 + 0.03 
Ungrazed 31.3 1.0 35.03.7 1.22+0.16 | 0.138 +0.02 | 0.169+0.02 


IV. Nutrient run-off 


The run-off of macronutrients and total organic carbon (TOC) from the pastures 
were followed by nutrient and TOC content in the water in a small brook running 
through the pastures. 


The concentrations are given according to water level. The water level is defined 
as cm deviation from a selected fixed point. 


No significant variations as to the content of macronutrients have been found 


(Table IV). 


TABLE IV 


Macronutrients in the creek Strypbekken relative to water level. 


Relative waterlevel 


The run-off of TOC do, however, appear to be developing in a negative way 
(Fig. 1). It seems to be a tendency towards an increased loss of TOC from the pasture 
of the Brégger peninsula. 
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fixed 


point 


5 10 15 20 25 


mg c-17! 


Figure 1 TOC e in runoff water. Collected relative to water level in Strypbekken at the Brøgger 
peninsula 


@ @ — data from 1978 prior to grazing 
A A-data from 1979 
O O — data from 1980 
%* x*-data from 1981 


V. Discussion 


The faunal response to mammal grazing is not in general statistically significantly 
different from the ungrazed area. In 1981 the population of H. tullbergi in the grazed 
area, however, became significantly decreased relatively to the ungrazed area (p < 0,1). 
Correspondingly the only other statistically significant difference recorded between 
the grazed and ungrazed areas is the decrease in total heterotrophic soil respiration in 
1981 (p< 0.001). The introduced grazing thus could at an early stage be seen in a re- 
sponse from the soil heterotrophic subsystem. These data are in accordance with the 
data from the simulated avergrazing experiment (SENDSTAD, 1981). KING & 
HUTCHINSON (1976) also found that the total abundance of Collembola decreased 


as a result of grazing, whereas the results for Oribatida were less pronounced. 


The increased N (nitrogen) content in grazed winter pasture soil can be explained 
as aresult of transport into the area by dung. The transport into the pasture is probably 


due to the function of winter pastures as resting areas by reindeers also. Similar have 
been obtained by HOWARD & HOWARD (1976). 


GRANT & HUNTER (1968) found that severe clipping resulted in an increased 
content of N, P and K. MOSS et al. (1981) considered the chemical composition of 
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heath grazed by mountain hares and red deers to be a complex matter, as they obtain 
both increased and decreased N, P and K content in different pastures. Our data are 
not sufficient yet to give more than indications of the effects of grazing on the status of 
macronutrients in the winter pastures. 


The total run-off of nutrients are not conclusive, although it seems to be a ten- 
dericy towards an increased run-off of total organic carbon. The data available until 
now indicate that the soil ecosystem in the winter pastures tends to evolve the situation 
which was described above as overgrazing. Firm conclusions can, however not be 
drawn until more data become available. The first indications of an external stress to an 
established production/decomposition system are however distrreted shown in the 
detritus food chain, through effects on total heterotrophic soil respiration and on the 
population development of the fungal feeder H. tullbergi. 


These results may be of importance in the management of marginal arid range- 
lands. In such areas it is important to be able to detect detoriating effects at an earliest 
possible stage of mammal grazing intensity. Through an understanding of soil ecology 
it should generally be possible to understand the development of pastures before the 
effects become obvious in the form of lost organic matter macronutrients and water- 
holding capacity. 
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Discussion 


FJELLBERG, A. : Don’t you think that the problems of overgrazing could most easily be solved by stu- 
dying the two trophic levels which are directly involved, z.e. the herbivores (reindeer) 
and the primary producers (plants) ? It seems that you are going behind the problems 
by studying the dunseeipeoers. where you also have to tackle the additional problems of 
quantitative estimations of soil arthropod populations. 


SENDSTAD, E. : Overgrazing can not be understood as just consumption of plants, since mammal gra- 
zing never directly significantly affects the energy flow in terrestrial systems. It 1s a 
question of primary production and cao Soo for The study of soil ecology in rela- 
tion to the question of overgrazing is caused by a destruction of processes regulating the 
flow of nutrients, and thus plant production. The flows of nutrients are regulated by the 
eag of the soil microflora, and further by the microbial grazers of the soil. Conse- 
quently, overgrazing can, of course, be seen in the end as the disappearance of plants. 


* 
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